Statistical fit of compound vapor pressure
We used 1080 "standard molecules" to obtain the parameters in equation (2). There are 35 sets of different combinations of the four functional groups. For each combination, carbon number ranges from 5 to 14. Alkanes are included with the same carbon number range. In addition, the contribution of straight, branching and cyclic structures to the vapor pressure are also considered. In summary, 1080 "standard compounds" are used for the nonlinear fitting. All are listed in Table S1 .
Development of the functionlization vs. fragmentation channels in the FGOM
Photooxidation of dodecane under high-NO x conditions illustrates how the functionlization vs. fragmentation channels are developed in the FGOM model. Figure S2 shows the detailed scheme for the formation of 1 st generation products, i.e., C 12 -(ONO 2 ), C 12 -(OH + ONO 2 ), and C 12 -(C=O + OH), in addition to the formation of 2 nd generation products, i.e., C 12 -(C=O), C 12 -(2 ONO 2 ), C 12 -(OH + ONO 2 ), C 12 -(C=O + OH), C 12 -(OH + 2 ONO 2 ), and C 12 -(C=O + OH + ONO 2 ), from one of the 1 st generation products. The specific chemistry underlying the formation of the C 12 products in the functionalization channel is discussed in Section 2.1. For the high-NO x photooxidation of dodecane, the OH reaction rates, the photolysis rate of the -ONO 2 group, together with the branching ratio (obtained from MCM 3.1) for the formation of the RO radical vs. the -ONO 2 group from the RO 2 + NO pathway, govern the relative abundances of different functional groups ( Figure S2 ). Note that since the OH concentration generally varies with time over the course of photooxidation, the branching ratios are a function of time. The values shown in Figure S2 correspond to those at the beginning of the photooxidation, when the OH concentration is ~ 1 10 7 molecules cm -3 .
Once a certain generation of products is formed, an operator P f , which is a function of the O:C ratio, is applied to each of the products to calculate the fraction of fragmentation that the product undergoes. Take the 2 nd generation product C 12 -(OH+2 ONO 2 ) as an example ( Figure S3 ), the best-fit f v value obtained from the optimization is 0.57, indicating that 26.4% of this product undergoes further functionalization and 73.6% of it fragments, producing a C 1 product, together with a co-product C 11 -(OH+2 ONO 2 ). An operator P f is subsequently applied to this C 11 product to calculate its fraction of functionalization, via the same reaction mechanism as C 12 -(OH+2 ONO 2 ), vs. fragmentation, which generates another C 1 product, together with a co-product C 10 -(OH+2 ONO 2 ). Equation (2) in the main text governs the least carbon number for a certain combination of different functional groups that can be produced from the fragmentation channel. Alkoxy (RO ) radical fragmentation mechanisms are not incorporated explicitly in the FGOM model. Instead, the operator P f , which is indicative of the chemical species, is applied to the stable molecules to govern the probablity of fragmentation in an OH-reaction initiated generation. b (-OH) 6.1623e-01
b (-C=O) -6.0560e-01
b (-OOH) -4.7798e-03
b -2.3032e+00 Figure S1 . Estimated vs. Actual carbon numbers for 1080 standards. Figure S2 . Development of the functionalization vs. fragmentation channels in the FGOM model, using the high-NO x photooxidation of dodecane as an example. Figure S3 . Carbon number range for 1 st and 2 nd generation products of OH oxidation of dodecane under high-NO x conditions. For illustration, the shaded region (C * ≤ 1000 g/m 3 ) is taken to represent the combination of carbon number and volatility for which a molecule can appreciably partition to the particle phase. 
